The construction and use of a vacuum chamber suitable for conventional X-ray diffraction has revealed the in¯uence of the ambient environment, including moisture, on the bulk structure of very thin polymer ®lms. It is concluded that studies of thin ®lm organic systems, even those thought not to be perturbed by ambient water vapor and other contaminants, may bene®t from undertaking some studies in such small sample vacuum chambers.
Introduction
There is a tacit assumption, often used in structure studies of inert hydrophobic polymers, that there are few effects of the ambient environment, including moisture, on the bulk structure of the polymer. By building a vacuum chamber suitable for use in conventional X-ray diffraction we have been able to show that this is not so; indeed, ambient moisture can affect structure. In spite of the long history of water contact-angle measurements on organic surfaces and polymers, e.g. studies like those of Erbil et al. (1999) , Yasuda et al. (1994) and Miyama et al. (1997) , to cite just a very few examples among the vast number, there exist far fewer papers detailing water adsorption on any polymer surface (Akhremitchev et al., 1998; Bedrov et al., 1998; Bummer & Knutson, 1990; Cadzerna & Thomas, 1987; Carey & Ferguson, 1996; Carey et al., 2000; Chan et al., 1996; Chen et al., 1999; Erbil et al., 1999; Harder et al., 1998; Hawkridge et al., 2002; Levshin et al., 2001; Miyama et al., 1997; Ong et al., 1993; Parker et al., 1994; Pertsin & Grunze, 2000; Pike et al., 1996; Proost et al., 2000; Suzuki et al., 2002; Tingey & Andrade, 1991; Toselli et al., 2001; Wang et al., 1997 Wang et al., , 2000 Weikart et al., 1999; Yasuda, et al., 1991 Yasuda, et al., , 1994 Yasuda, et al., , 1995 . There remains an absence of a detailed understanding of polymer surface adsorbate chemistry, commensurate with other areas of surface science.
In order to observe environmental effects on the bulk structure of very thin ®lms of the ferroelectric copolymer vinylidene¯uoride with tri¯uoroethylene (70%:30% and 80%:20%), a small stainless-steel vacuum chamber with a window that is largely transparent to X-rays, contributing little scattering signal at the scattering angle of interest, was constructed, much like similar chambers described in the literature (Toyoshima et al., 1991; Mudd et al., 1987) . Because of the small X-ray cross section of ultra thin (<50 nm) main group element polymers, standard Be windows (Toyoshima et al., 1991; Bernard et al., 1999; Dennison et al., 1992) are inappropriate, while incorporation of the ±2 X-ray diffractometer directly into an ultra-high-vacuum system (Johnson & Johnson, 1988) is not always practical.
Our goal was to modify a ±2 Rigaku D/Max-B X-ray diffractometer through the addition of a vacuum chamber with heating and cooling capabilities, not unlike that previously reported (Toyoshima et al., 1991) , but with Mylar windows suitable for diffraction studies of organic systems (Mudd et al., 1987) . Vacuum provides a reduction of ambient vapor pressure on the surface and elimination of considerable amounts of gases that might be absorbed by the polymer, or indeed any substrate (Toyoshima et al., 1991; Bernard et al., 1999; Dennison et al., 1992; Johnson & Johnson, 1988) , and thus perturb the structure or X-ray scattering intensities.
Vacuum chamber and experiment
The chamber was built in order to ®t the rotating stage on the Rigaku D/Max-B X-ray diffractometer. Top, side and back views of the chamber are shown in Fig. 1 . The chamber was made small enough in order to reduce the weight on the stage. An aperture for a window was required, allowing scanning angles from 0 to 180 from where we obtain information on the lattice spacing in the normal direction. The Side, back and top views of the stainless-steel X-ray diffraction vacuum chamber. A: stainless-steel chamber; B: Mylar window; C: chamber holder; D: hole for a vacuum valve.
aperture was covered with a sheet of Mylar (0.013 mm thickness), af®xed to the chamber with commercial adhesive, based on cellulose nitrate [C 6 H 8 (NO 2 ) 2 O 5 ], dissolved in acetone and butyl acetate. This particular adhesive was chosen as vacuum sealant because the solubility of the adhesive compound in acetone permitted facile reuse of the various chamber components. Once cured, the binder between the Mylar window and the steel frame of the chamber could hold a vacuum to 0.0133 Pa through a number of heating and cooling cycles, and was robust to the mechanical stresses of a number of pump cycles. A 6.73 mm aperture was made in the top of the chamber to ®t a Swagelok vacuum valve and a mechanical roughing pump was used to produce the vacuum.
It is important that the transparent X-ray window did not obscure any of the diffraction peaks of the ferroelectric copolymer vinylidenē uoride with tri¯uoroethylene (70%:30% and 80%:20%). The main Mylar contribution to the ±2 diffraction intensity was in the vicinity of 26 , well away from the P(VDF-TrFE) copolymer ®lm contributions near 20 in the ferroelectric phase and 18±19 in the paraelectric phase (Ducharme et al., 2002; Lovinger et al., 1984 Lovinger et al., , 1983 (Fig. 2) .
One of the common ambient gases in the atmosphere is water vapor. Water is not a standard solvent for poly(vinylidene¯uoride), P(VDF), nor tri¯uoroethylene, but well ordered P(VDF-TrFE) copolymer ®lms swell when immersed in water (Jacobson et al., 2004) . By comparing the ±2 X-ray diffraction lines from crystalline Langmuir Blodgett copolymer ®lms of vinylidene¯uoride with tri¯uoroethylene (70%:30% and 80%:20%) exposed to substantial amounts of water with those same ®lms vacuum annealed and characterized in vacuum, we ®nd that vinylidene¯uoride with tri¯uor-oethylene (70%:30% and 80%:20%) does absorb water. For the ®lms annealed in vacuum as compared with the same ®lms given a long exposure to water, there is an increase in the h110i lattice interlayer spacing from 4.35 to 4.45 A Ê , and in some cases to as much as 4.55 A Ê , representing a change in bulk lattice parameter in the normal direction, as shown in Fig. 3 . Water absorption also leads to a pronounced reduction in scattering intensity. This is seen in the X-ray diffraction measurements shown in Fig. 3 . We note that the diffraction lines of vinylidene¯uoride with tri¯uoroethylene (70%:30% and 80%:20%) are not obscured by the Mylar windows of our vacuum chamber in any signi®cant way.
Water absorption is accompanied by ®lm swelling as indicated by an increase in lattice spacing, sometimes by as much as 5%. This water absorption, between 273 and 313 K, is a result of intercalation or occupation of interstitial sites between the layers of the ®lm, not just water molecules ®lling voids and defect sites alone. An increase in the ®lm capacitance is observed, although the polymer chains retain the all-trans con®guration of the ferroelectric phase (Jacobson et al., 2004) . While it has been known that small amounts of water can be absorbed (Castela & Simoes, 2003; Castela & Simoes, 2002) , reperforming structural studies in vacuo demonstrates that even hydrophobic polymers can absorb signi®cant amounts of water and, presumably, other contaminants.
After annealing the ®lm, both diffraction intensities and the original ®lm-speci®c lattice constant are recovered, as indicated by the inset to Fig. 3 . Thus water absorption is reversible and does not appear to lead to any permanent or persistent changes of the bulk structure of P(VDF-TrFE) thin ®lms, but the studies do indicate that good scattering signal intensity as well as assessment of the correct lattice spacing for this polymer are best obtained by undertaking the ±2 X-ray diffraction studies of these samples in vacuum.
As we have shown, simple vacuum chambers can be inexpensively constructed and easily added to many commercial X-ray diffractormeters. Studies of thin ®lm organic systems, even those thought not to be perturbed by ambient water vapor and other contaminants, may bene®t from undertaking some studies in such small sample vacuum chambers.
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Figure 2
The X-ray diffraction peak of Mylar is observed at 26 , well away from the h110i diffraction peak at 20±21 of the ferroelectric copolymer vinylidene¯uoride with tri¯uoroethylene P(VDF-TrFE).
Figure 3
The h110i diffraction peak at 20±21 of the ferroelectric copolymer vinylidenē uoride with tri¯uoroethylene P(VDF-TrFE): (a) annealed; (b) reannealed; (c) with water (saturated). Inset: reversibility of the bulk lattice parameter due to the process of absorption and desorption.
